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Abstract

We report on the "nal tests performed on a CsI-based RICH detector equipped with 2 C
6
F
14

radiator trays and
4 photocathodes, each of 64]38 cm2 area. The overall performance of the detector is described, using di!erent gas
mixtures, in view of optimizing the photoelectron yield and the pad occupancy. Test results under magnetic "eld up to
0.9 T, photocathode homogeneity and stability are presented. ( 1999 Elsevier Science B.V. All rights reserved.

1. Introduction and detector design optimization

In a series of three papers we report about the
performance of a prototype of a Ring Imaging
Cherenkov detector based on a caesium iodide
(CsI) photoconverter, the CsI-RICH. The technical
description of a large prototype is presented in Ref.
[1], while the "nal test results and a study dedi-
cated to Cherenkov angular resolution and simula-
tion are described in the present paper and in Ref.
[2], respectively.

The CsI-RICH detector was proposed to form
the High-Momentum Particle Identi"cation sys-
tem (HMPID) of the ALICE experiment [3]. This

system will be composed of seven modules of
1.3]1.3 m2 each, aiming to complement the par-
ticle identi"cation of the ALICE detector barrel in
the 2}5 GeV/c momentum range. According to
present models describing lead}lead central colli-
sions at LHC at 2.75 TeV/nucleon, a maximum
density of about 100 particles per square metre is
expected at the single arm HMPID system when it
is located at 5 m from the interaction point. Fol-
lowing basic pioneering works [4], the develop-
ment of large CsI photocathodes (PCs) was
initiated by the CERN R&D project, RD-26 [5],
started in 1993 and pursued in the ALICE and
other HEP collaborations proposing PID systems
based on CsI-RICH (HADES [6], see also Ref. [7]
COMPASS-NA58 [8], see also Ref. [9]). These
papers "nalize the R&D phase at CERN. A more
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Fig. 1. Schematic cross-section of the CsI-RICH layout. The
primary ionization deposited in the proximity gap is drained by
the positively polarized wired electrode located close to the
quartz window to avoid its collection by the photodetector. The
main dimensions used in the large prototype are: radiator thick-
ness: 10 mm, quartz window: 5 mm, MWPC gaps: 2 mm, wire
cathode pitch: 2 mm, anode pitch: 4 mm, anode diameter: 20 lm,
pad size: 8]8 mm2.

detailed description of the development work and
the detector elements is found in the ALICE/
HMPID Technical Design Report [10].

Fig. 1 gives the main characteristics of the CsI-
RICH layout. Cherenkov photons are emitted
while charged particles traverse a 10 mm thick
layer of C

6
F
14

. This liquid radiator medium is
characterized by a refractive index and a low
chromaticity which are adequate for particle identi-
"cation in the momentum range required at
ALICE. The Cherenkov photons impinge on the
photodetector, separated from the radiator by
a proximity gap of an adjustable depth, such that
Cherenkov ring images of convenient size are ob-
tained without a focusing device. The photodetec-
tor is an MWPC having its bottom cathode
covered with a thin CsI layer, acting as a photocon-
verting plane. The same cathode is segmented into
pads, of size 8]8 mm2, in order to achieve a two-
dimensional localization of the photoelectrons,
mandatory in the ALICE high-density environ-
ment. Given the MWPC geometry, every single-
electron event is detected as a pad cluster of typical
size of 1}3 pads. The use of an analog multiplexed
front-end (FE) electronics allows for a uniform low
thresholding of 0.6 fC$0.03 [1,10] and accurate
centroid localization.

The detector layout adopted for the CsI-RICH is
quite attractive, because it allows a simple and eco-
nomic design of large modules, composed of a radi-
ator tray and a conventional MWPC, both enclosed
in the same gas volume. However, the use of an
MWPC with an open geometry and a two-dimen-
sional pad readout necessitated careful optimizations
in order to maintain a stable detector operation and
to achieve the expected Cherenkov angular resolution
in the high-density environment at ALICE. Hence,
a crucial parameter is the fraction of pad hits per
event, or pad occupancy, which has to be minimized
in order to achieve the ring pattern recognition. Let
us overview the two features expected to a!ect the
pad occupancy and the chamber operation.

(i) As in any photoelectron detection based on
the use of a wire chamber, the high gain, necessary
for e$cient single-electron detection, may lead to
sustained discharges due to the photon feedback
mechanism. The number N

&%%$
, of secondary photo-

ns emitted isotropically by the primary avalanche is
proportional to its size G, i.e. the chamber gain, and
can be expressed as N

&%%$
"k

1
]G, where k

1
is gas

dependent. A fraction k
2

of these photons is con-
verted by the photoconverting medium into sec-
ondary electrons and may initiate diverging
processes if the product k

2
]N

&%%$
approaches 1.

(ii) The feedback generation of secondary elec-
trons also results in enlarging the "nal cluster size, in
case of overlap with the primary one, or even pro-
duces multi-cluster events, that increases the pad
occupancy. The shape of the induced charge will be
disturbed by such overlaps, degrading the centroid
evaluation and the resulting localization accuracy.

Facing the necessity of minimizing the gas gain,
the CsI-RICH layout has several bene"cial features
allowing to preserve the single-electron detection
e$ciency. Contrary to gaseous photoconverters,
only a fraction of the feedback photons, isotropi-
cally emitted in the chamber gas, will be converted,
thanks to the planar PC geometry. Indeed the
wider the emission angle of the feedback photon,
the more probably it will be lost by re#ection on
the dielectric surface of the CsI PC. Furthermore,
since the pad size is large compared to the gap,
the secondary conversions frequently occur at the
same pad as the primary one, in fact reinforcing the
induced signal.

F. Piuz et al. / Nuclear Instruments and Methods in Physics Research A 433 (1999) 178}189 179

SECTION IV



Fig. 2. Charge induced at the anode (a) and at the bottom
cathode (b}d) by the motion of the ionic charge Q

0
as a function

of time. At time 0, Q
0
, the avalanche charge, is assumed punctual

and located at the anode wire at a polar angle a de"ned in the
drawing at the bottom. The 3 curves are plotted for 3 di!erent
starting angles, a"03, 903 and 2703. The induced charge is
expressed as a fraction of Q

0
and represents the charge to be

measured with a front-end electronics of integrating time ¹. In
the CsI-RICH, the a values range from 1803 to 3603 since the
photoelectron is emitted by the bottom cathode. The ion mobil-
ity is 1.5]10~6 cm2/s1 V1.

Fig. 3. Single Cherenkov ring event with the three zones used
for cluster "nding. A pad unit is 8]8 mm2.

The primary photoelectron, being emitted by the
measuring pad, leads to an optimal an-ode-to-cath-
ode coupling, since the avalanche always develops
in the gap where the induced signal is measured, as
shown in Fig. 2 [11].

2. Basic CsI-RICH study

Let us "rst introduce the experimental quantities
used to evaluate the detector performance ex-

pressed by

N
1)%-

"¸N
0
e
$%5

sin2 h
#

(1)

where N
1)%-

is the number of Cherenkov photo-
electrons, ¸ is the radiator thickness, h

#
is the

Cherenkov angle, e
$%5

is the single-electron detec-
tion e$ciency and N

0
is the detector factor of merit

[12].
As seen in Fig. 3, the pad array is divided into

three zones: a zone surrounding the particle impact,
a Cherenkov ring "ducial zone, and the rest of the
pattern corresponding to background hits. They
are referred to as MIP, "ducial, and background
zones, respectively. The variables listed below can
be independently analysed for each zone of the pad
array:

(a) N
1!$

: the total number of hit pads per zone.
(b) N

3!8
: the number of raw clusters per zone;

a raw cluster is de"ned as a pad pattern having
all pads adjacent by at least one edge. Large-
sized clusters are usually formed by several
overlapping single patterns.

(c) N
3%4

: the number of resolved clusters per zone;
in the "ducial zone a resolved cluster is as-
sumed to correspond to a single Cherenkov
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Fig. 4. Experimental distributions from the SPS beam test: 350 GeV/c pion at normal incidence, radiator: 10 mm C
6
F

14
, detector gas:

CH
4
, anode voltage: 2100 V. (a) Single-electron PH spectrum, (b) the lower part of spectrum (a) with the PH threshold in evidence (one

ADC channel corresponds to 0.17 fC), (c) number of pad hits per ring, (d) size and (e) frequency of raw and resolved clusters in the "ducial
zone.

photoelectron according to deconvolution al-
gorithms applied to raw clusters.

(d) N
505

: total number of single electrons (Cheren-
kov and photon feedback) inside a "ducial
Cherenkov area.

(e) A
0

is the mean of the single-electron pulse-
height distribution (SE-PHD) seen in the next
"gure, obtained from resolved clusters. In what
follows, A

0
will be the variable used to study

the detector properties as function of the cham-
ber gain, in order to normalize all results to the
chamber gain independent of the experimental
conditions (di!erent gas pressure, gas mixtures,
gap, etc.). The chamber gain is proportional to

A
0

with a factor given by Fig. 2 at our working
integration time of 700 ns. A

0
is expressed in

units of ADC-channel, one unit being equiva-
lent to 0.17 fC or 1062 electrons in our experi-
mental setup [1,10]. Note that the ratio of the
total pad pulse height (PH) measured inside the
ring "ducial zone over A

0
provides N

505
what-

ever the cluster overlaps are.

2.1. Experimental setup

Several CsI-RICH prototypes were built and tes-
ted: Proto-1 has 32]30 cm2 active area; Proto-2
has 0.8]1.3 m2 active area and comprises 4 CsI
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Fig. 5. Single-electron detection e$ciency as function of the
single-electron mean PH calculated at di!erent experimental FE
electronics thresholds. One ADC channel corresponds to
0.17 fC.

PCs of 64]38 cm2 and 2 radiator trays,
133]40]1 cm3 each, "lled with C

6
F
14

. This
prototype is exactly 2

3
of a full size HMPID module

in ALICE.
The detectors were tested at the CERN-PS/T11

beam line using positive secondary particles of
1}3.5 GeV/c and at the CERN/SPS-H4 line using
350 GeV/c pion beam, allowing also for exposure
to dense multi-particles events obtained by interac-
tions on target. The test setup was usually a tele-
scope composed of a trigger system, a set of
4 tracking pad chambers and a time-of-#ight array
[10].

2.2. Characteristic experimental distributions and
dependence on the chamber gain

Fig. 4 shows some distributions characterizing
a test run of Proto-2 at the SPS. In particular, plot
(b) gives a zoom-in at low PH values of the SE-
PHD shown in (a), the steep edge of the distribution
represents the mean threshold value achieved by
the FE electronics [1,10]. This value, A

th
, of 3}4

ADC channels, corresponds to 3}4 times the sigma
of the electronic noise distribution measured for
every channel. The single-electron e$ciency, e

$%5
, is

represented in Fig. 5 as a function of the single-
electron mean PH, according to e

$%5
"exp(!A

5)
/

A
0
) applicable in the case of exponential SE-PHDs.
Fig. 6 shows characteristic plots derived from the

previous distributions as function of the mean PH.
One can notice (6a) that N

3%4
tends to reach a pla-

teau of 15}16 Cherenkov photoelectrons per ring,
while the total number of electrons N

505
increases

almost linearly with the chamber gain. Such a lin-
ear dependence is expected since the feedback
photons add a contribution that increases linearly
with the chamber gain (Eq. (1)). On the contrary,
N

3%4
remains #at, as expected at the full detection

e$ciency plateau and since primary and secondary
clusters frequently overlap for geometrical reasons.
As pointed before, such a feature has a bene"cial
e!ect on the detection e$ciency since a fraction of
the events is composed of two photoelectrons but,
on the other hand, the feedback photons contribute
also to increase the pad pattern occupancy by en-
larging the size of the clusters and their number.
This is illustrated in Fig. 6a showing N

1!$
, the

number of pad hits per ring, monotonically increas-
ing with the chamber gain. Fig. 6b shows the ratio
of the total number of electrons to the number of
Cherenkov resolved clusters, providing the mean
number of photoelectrons per cluster. This number
gives an approximate evaluation of the fraction of
feedback photons, however, convoluted with
a small contribution of primary Cherenkov clusters
geometrically overlapped (Fig. 3). The rise of
N

505
/N

3%4
observed in Fig. 6b at low ampli"cation

results from the selection by thresholding of large-
sized avalanches which may be originated by more
than one photoelectron. In the next section, we
shall investigate the possibility of reducing
N

505
/N

3%4
, i.e. the pad occupancy, by using di!erent

gas mixtures.

3. Other properties of the CsI-RICH

3.1. Inyuence of gas mixtures on photoelectron yield
and photon feedback

It has been demonstrated in Refs. [13,14] that
the operation of a CsI PC in a gas medium at
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Fig. 6. (a) The mean number of pad hits (N
1!$

), the total number
of electrons (N

505
) and the number of &Cherenkov electrons' (N

3%4
)

per ring as function of the single-electron mean PH, obtained by
varying the anode voltage. (b) Ratio N

505
/N

3%4
, representing the

mean number of electrons per clusters. One ADC channel cor-
responds to 0.17 fC. Experimental conditions: 350 GeV/c pions
at normal incidence, radiator: 10 mm C

6
F

14
, detector gas: CH

4
.

Fig. 7. Gas mixtures studies: Proto-1, 350 GeV/c pions at nor-
mal incidence, radiator: 10 mm C

6
F

14
. (a) The mean number of

Cherenkov electrons per ring (N
3%4

) as a function of the single-
electron mean PH. (b) The ratio N

505
/N

3%4
, representing the mean

number of electrons per cluster. One ADC channel corresponds
to 0.17 fC.

atmospheric pressure results in a loss of photo-
electrons, depending on the gas species and the
reduced "eld E/p value at the PC surface. Pure CH

4
was shown to cause only a few % loss, while noble-

gas based mixtures considerably decrease the
photoelectron yield. In addition, CH

4
has excellent

UV transparency which is quite attractive. How-
ever, this good transparency makes its contribution
to photon feedback non-negligible, due to the three
emission lines at 156, 166, 193 nm. In addition,
recent results from GALICE simulation show how
important the conversion of slow neutrons in a hy-
drogenated gas could be. These very heavily ioniz-
ing events (&MeV local energy deposition) might
be responsible for damaging the chamber. We pres-
ent a study of the in#uence of the gas mixtures on
the photoelectron yield and the photon feedback
ratio.

In Fig. 7, N
3%4

and the ratio N
505

/N
3%4

are plotted
as a function of A

0
, for various gas mixtures, CH

4
,
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CH
4
/i-C

4
H

10
, Ar/CH

4
, Ar/i-C

4
H

10
, Ar/CH

4
/i-

C
4
H

10
. i-C

4
H

10
is known for its e$cient quenching

property.
Fig. 7a shows that the photoelectron yield is

maximum using pure CH
4
, and decreases when

increasing the i-C
4
H

10
fraction in the mixture.

Compared to pure CH
4
, the photoelectron yield

loss is 13% by adding 10% i-C
4
H

10
and 45% in

Ar/i-C
4
H

10
(52/48). A part of that loss can be at-

tributed to a poorer i-C
4
H

10
UV transparency (the

98.7% purity i-C
4
H

10
used in our test was not

puri"ed by Oxysorb cartridges). The &noble-gas
backscattering e!ect' [13,14] can be evaluated by
comparing mixtures having about the same i-
C

4
H

10
fraction, that is CH

4
/i-C

4
H

10
(94/6) and

Ar/CH
4
/i-C

4
H

10
(73/20/7) where the loss is 20%.

Ar/CH
4

mixtures seem able to achieve the same
plateau as CH

4
; however, owing to the poor

quenching of CH
4
, the feedback yield is so high that

the cluster resolution is degraded. In addition,
microdischarges were observed at such a rate that
the use of these mixtures is out of question for
stable operation.

Fig. 7b shows the variation of the ratios N
505

/N
3%4

as a function of A
0
. As said above, N

505
/N

3%4
quan-

ti"es the fraction of photon feedback per ring in the
Cherenkov "ducial zone. A rapid increase of the
photon feedback yield is observed in Ar/CH

4
mix-

tures already at low gain, making these mixtures
useless even with 50% CH

4
. For the other mix-

tures, N
505

/N
3%4

shows a minimum at ADC channel
20}30. In fact the falling part on the left of the plots
comes from the poor e$ciency at low A

0
, as seen in

Fig. 7a. The lowest minimum value, 1.38, is ob-
tained with CH

4
/i-C

4
H

10
mixtures for A

0
up to 40

ADC channels, providing full single-electron detec-
tion e$ciency (Fig. 5). Although a comparable min-
imum is achieved in pure CH

4
, it is obtained at

lower A
0
, with only about 60% e$ciency. Ternary

and Ar/i-C
4
H

10
mixtures show a ratio almost con-

stant with A
0

but, as seen in Fig. 7a, the photo-
electron yield might be too low.

In conclusion, the best mixture from the point of
view of detector performance seems to be CH

4
/

i-C
4
H

10
, allowing to reach the smallest pad

occupancy at the cost of a slightly reduced
N

3%4
value. However, the large hydrogen content

increases the neutron conversion. Another candi-

date, containing less hydrogen, could be Ar/CH
4
/i-

C
4
H

10
58/31/12.

3.2. Minimum Ionizing Particle (MIP) detection
and associated background

In order to study the pad patterns speci"c to
MIPs, in the absence of Cherenkov events,
measurements were taken after emptying the radi-
ator. The beam spot size at the chamber was of
a few tens of mm2 (pion, 350 GeV/c).

Given the high yield of feedback photons asso-
ciated with large MIP avalanches, an MIP event
can contain several separated clusters. Fig. 8a
shows the total number of clusters per event, which
can be split into two groups. A small fraction comes
from secondary interactions that are identi"ed by
the external pad chamber telescope. The larger
group of clusters is identi"ed as the feedback
photon contribution, since their PH distribution is
found exponential and comparable to that of single
Cherenkov photoelectrons under the same detector
gain [10]. In Fig. 8b, the mean cluster size is plotted
versus the chamber gain only for single clustered
MIP events (primary and secondary clusters are
overlapping). The distance of the clusters (only
those found outside the MIP primary cluster area)
from the MIP impact is plotted in Fig. 8c. This
distribution extends to large distances not compat-
ible with the assumption that the emitting second-
ary photon source is located at the anode wire only.
One has to assume emitting sources more distant
from the pad plane like parasitic Cherenkov light
(delta rays in the quartz window) or re#ections at
the quartz surfaces.

In conclusion, feedback photons increase the pad
occupancy of MIP events by generating on the
average about 2 clusters per MIP. The centroid
accuracy is also slightly a!ected by cluster overlaps.

3.3. Inyuence of magnetic xeld on the photoelectron
yield

When operating the CsI-RICH in a magnetic
"eld parallel to the PC plane, photoelectrons, emit-
ted nearly at rest from the CsI PC, are submitted to
the resulting force of crossed electrical and mag-
netic "elds. Depending on the energy and emission
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Fig. 8. MIP detection with empty radiator, 350 GeV/c pions at
normal incidence, detector gas: CH

4
. (a) Background associated

to MIP primary clusters: number of clusters per event as func-
tion of HV. (b) Mean size of single cluster events as function of
HV. (c) Distribution of the distance of background secondary
clusters to the impact point of their primary MIP.

Fig. 9. (a) The performance of a CsI PC placed parallel to
a uniform magnetic "eld. (b) Mean number of Cherenkov elec-
trons per ring (N

3%4
) as a function of the chamber gain at di!erent

magnetic "eld intensities. Part of the drop with respect to no-
"eld value originates from an increase of the common noise
induced by the magnet operation. Experimental conditions:
Proto-1, 350 GeV/c pions at normal incidence, radiator: 10 mm
C

6
F
14

. One ADC channel corresponds to 0.17 fC.

angle of the photoelectron, the curling of its traject-
ory during the "rst mean free path in the gas could
send it back to the PC. Since, to our knowledge, the
distributions of the energy and emission angle of
the photoelectron are not available, a direct test
was carried out installing proto-1 inside the
GOLIATH magnet of NA57, providing an adjust-

able "eld between 0 and 1.5 T, parallel to the PC.
We used pions of 350 GeV/c. Fig. 9a shows the
variations of N

1!$
, N

3%4
and N

505
as a function of the

magnetic "eld measurements taken at the same gas
gain: a slight decrease is observed of about 8% at
0.9 T. Fig. 9b shows the variations of N

3%4
versus

A
0
, which is proportional to the electrical "eld at
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Fig. 10. Azimuthal distribution of the number of hits in a 13 bin
along the Cherenkov "ducial zone. (3000 events, PC32, radiator:
10 mm C

6
F

14
, detector gas: CH

4
, anode voltage: 2050 V).

the PC surface, for various magnetic "eld values. It
can be seen that the curves remain parallel at di!er-
ent magnetic "elds down to the minimum electrical
"eld. The E/p under test range from 3.8 to 4.2
(V/cm)/Torr. In conclusion, the operating magnetic
"eld at ALICE of 0.2 T is not expected to a!ect the
performance of the CsI-RICH.

4. Long-term performance of the CsI-RICH
prototypes

4.1. Operation of the detector, chamber current

Despite the presence of a semi-insulating CsI
layer, the commissioning of a new PC has never
required any conditioning time: the working volt-
age is reached in less than one hour with a very low
dark current (less than 10 nA) and very rare &micro-
discharge' events when CH

4
or CH

4
/i-C

4
H

10
mix-

tures are used. The noble-gas based mixtures are
more unstable under local beam irradiation at
104 1/cm2 s rate, where voltage trips are observed.
The dark current delivered by the 1 m2 area of the
large prototype is 1}2 nA and is stable during beam
operation. Local beam irradiation up to
2]104 1/cm2 s can be sustained. Such a rate is
several orders of magnitude larger than the local
rate expected at ALICE (10}50 particles/cm2 s).

4.2. Photon yield uniformity

In order to evaluate the uniformity of the photo-
electron yield of a CsI PC, pad patterns of rings are
overlapped to create a two-dimensional hit density
plot that allows in turn to plot the hit density per
unit angle versus azimuthal angle of the ring. Such
a plot is shown in Fig. 10, indicating a uniform
response all around the ring. The variation of the
azimuthal density was never found to be larger
than 10%, demonstrating a satisfactory uniformity
of the response of the PC over its whole area.

4.3. Stability of the CsI photocathode

Following a "rst performance evaluation just
after production, several PCs were periodically re-
evaluated at the test beam in order to control their

stability versus chemical contaminations such as
moisture, oxygen, etc. Fig. 11a shows the evolution
of PC19 and PC24, two of our oldest PCs. Even
though these PCs were removed and remounted
about 10 times from proto-1, under non optimal
conditions, long plateaus are observed correspond-
ing to less than 5% QE drop over three years. The
production and the handling of the last PCs,
PC29}PC32, equipping the large prototype, were
performed with more care and better controls.
They show, in Fig. 11b, an excellent stability over
their "rst year of operation.

5. Final beam test of CsI-RICH prototype

The large prototype was assembled in 1996 and
the "rst large PC, PC26, tested at PS/T11 in
December 1996. The four "nal PCs (PC29}PC32)
were processed and tested with small radiators at
T11 from June to October 1997, followed by three
periods at the SPS-H4 line, ending in July 1998.
Single-particle runs were taken scanning at three
beam positions the four PCs, at di!erent particle
incident angles: 0}103 by step of 2.53. It is shown in
Fig. 12 that the number of Cherenkov photons per
ring, N

3%4
, is slightly decreasing when the track

incident angle increases from 03 to 103.
The total time of exposure to the beam was

about 30 days. The irradiation rate was typically

186 F. Piuz et al. / Nuclear Instruments and Methods in Physics Research A 433 (1999) 178}189



Fig. 11. Evolution of the CsI PCs quantum e$ciency, evaluated
in beam tests as described in Ref. [12], from the deposition time.
(a) PC size: 30]30 cm2. (b) PCs of 64]38 cm2 size equipping
the large prototype, PC29 to PC32. When not exposed to the
test beam, the PCs are continuously #ushed with argon at 30 l/h.

Fig. 12. Mean number of Cherenkov electrons per ring (N
3%4

) as
a function of the incident angle of the MIP track. Experimental
conditions: 350 GeV/c pions, radiator: 10 mm C

6
F

14
, detector

gas: CH
4
, anode voltage: 2100 V.

5 kHz on a beam spot of 1 cm2, corresponding to
a maximum current of 30 nA/cm2 at maximum
gain. During monitoring, neither microdischarges
nor HV trips were observed, indicating a quite
stable operation. CH

4
was mainly used as ampli"-

cation gas at a #ow of 30 l/h. The contamination
level was kept at less than 10 ppm for oxygen and
moisture. The description and performance of the
C

6
F
14

radiator system are reported in Ref. [10].
In Fig. 13a, the variation of the gain A

0
is repre-

sented versus the chamber voltage obtained with
the beam centred at the middle of each PC. While
the same gain curves are measured in the quadrants
of the chamber corresponding to PC30 and PC32,
the curves are shifted by #30 V for PC31 and
!30 V for PC29, with respect to PC30, PC32. At
an operational voltage of 2050 V, that shift corres-
ponds to a 20% variation of the chamber gain.
Given the relative positions of PC29 and PC31 on
the detector, the gap variation cannot be attributed
to an overall deformation of the main frame due to

the overpressure but to gap di!erences of each pad
panel resulting from the adjustment procedure
(frame machining). Such a gain di!erence corres-
ponds to a variation of 120 lm of the nominal
2 mm gap value. The incidence on the clustering is
shown below.

In Fig. 13b, the photoelectron yield, N
3%4

, and the
number of pads hit per ring in the four PCs are
compared. A mean value of N

3%4
"14.9$1.5 is

obtained at A
0
"40 ADC channels. This spread

is not correlated to the di!erent gains reported in
Fig. 13a: PC31 and PC32, achieving the best yields,
are located in gaps of low gain. This re#ects, in fact,
a spread in the QE value, as seen in the plot (c) of
the ratio N

505
/N

3%4
correlating PCs of low QE to

PCs of low photon feedback. This spread is actually
found acceptable in the context of our pattern rec-
ognition e$ciency. The prototype was operated in
July 1998 with CH

4
/i-C

4
H

10
mixtures. When

adding isobutane, the photoelectron yield drops
down by 10}20% accompanied by a signi"cant
decrease of the feedback photon yield at high gain.

Finally, the prototype was exposed to multipar-
ticle events at SPS/H4, obtained by the 350 GeV/c
pion beam interacting on a beryllium target. A tele-
scope composed of four pad chambers was used for
the full event reconstruction. Still, the detector
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Fig. 13. A comparison of the performance of the 4 PCs (PC29
} PC32) mounted inside the large prototype. Experimental con-
ditions: 350 GeV/c pions at normal incidence, radiator: 10 mm
C

6
F
14

, detector gas: CH
4
. (a) Single electron mean PH as a func-

tion of HV, measured at the centre of each PC. As function of the
single electron mean PH: (b) mean N

3%4
and N

1!$
per ring, (c) the

ratio N
505

/N
3%4

(feedback photon fraction). One ADC channel
corresponds to 0.17 fC.

showed stable operation, though submitted to
heavily ionizing events and local secondary track
density of up to 100 per m2 [10].

5.1. Ageing and &heavily-ionizing' events

In addition to the degradation provoked by con-
taminants, a CsI PC operated in an MWPC may be
damaged by the impact of the ions cloud of each
avalanche. Taking the ion charge per photoelectron
and MIP as 8]10~14 and 1.2]10~12C, respec-
tively, at a maximum gain of 5]105, the beam rates
routinely used at the test beams were equivalent to
3]10~8(C/cm2)/s. Thus the charge density integ-
rated over a 1 year lead run at ALICE (correspond-
ing to 106 s), amounting to 0.05 mC/cm2, was
largely overcome during the test exposure without
showing any degradation of the PCs.

In 1995}1996, a relevant information was ob-
tained from the operation, during two periods of
four weeks each, of a CsI-based imaging detector
built in our group for the NA44 experiment, using
lead beam on target. The CsI photodetectors,
part of the Threshold Imaging Cherenkov detector
(TIC [15,16]) were located close to the lead beam
dump and were delivering high burst current
(100}400 nA). However, the magnetic spectrometer
in use at NA44 was designed such that very few
charged particles were traversing the gaseous radi-
ator of the TIC without even crossing the photo-
detectors. Hence, it is expected that a large part of
the current was produced by neutrons. During
these beam periods, the performance has been
found stable and the detector operation was satis-
factory.

In conclusion, although the ageing of CsI PCs at
the present is neither well quanti"ed nor fully
understood, our detector has been found stable
under ion rates much larger than those expected
during the ALICE operation.

6. Conclusions

A 1 m2 prototype of a CsI-RICH has been thor-
oughly tested under single and multi-particles
irradiations. Equipped with a 10 mm thick C

6
F

14
radiator and four CsI PCs, each of 64]38 cm2
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area, a very stable operation has been
demonstrated, achieving a single-electron detection
e$ciency larger than 90% at beam rates up to
20 kHz/cm2. Following an extensive study of di!er-
ent gas mixtures, it has been shown that CH

4
or

CH
4
/i-C

4
H

10
provides the best photoelectron

yield, 15}16 Cherenkov photons per ring. Despite
the photon feedback, the pad occupancy could be
kept low enough to allow for ring pattern recon-
struction with a particle density of up to 50 particle
per square metre [10]. It has been checked that the
detector performance is not a!ected by a magnetic
"eld, parallel to the PC plane, of up to 0.9 T. The
stability of CsI layers has been demonstrated over
a 44 months period. Based on these results, the
CERN LHC committee has given its approval for
the construction of the HMPID system at ALICE,
that will consist of seven CsI-RICH modules of
2 m2 area each.
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